We have previously suggested that the inhibition of growth of Methylococcus capsirlatiis by L-threonine resulted from interference with early steps in the branched pathway for the biosynthesis of the aspartate-family amino acids (Eccleston & Kelly, I 972 a). We now present evidence to suggest that aspartokinase may be the enzyme critically affected by L-threonine.
Kelly, 1972~): namely, 8.6 for strains ~1 6 and ~3 6 cultured in medium lacking threonine, and 9.7 or 8.8 respectively for strain ~2 7 cultured with or without 5 mM-L-threonine in the culture medium.
Aspartokinase in wild-type extracts was strongly inhibited by L-threonine (Fig. I) , which produced half-maximal inhibition at about 0.2 mM. Concentrations of I mM and above produced 85 to 100% inhibition. Aspartokinase in extracts of strains ~2 7 and ~3 6 was comparably sensitive to L-threonine, showing 70 to 80% inhibition at I to 5 mM. Activity in strain MI^ seemed less sensitive, 5 mM-I,-threonine causing only 60 yo inhibition, although low concentrations produced inhibition comparable to that found with wild-type extracts.
Other amino acids were tested for their effect on wild-type Methylococcus capsulatus aspartokinase activity. D-Threonine had no significant effect at concentrations up to I o mM, but L-lysine inhibited by about 56 yo at 5 mM and 87 yo at 10 mM. Equimolar mixtures of L-lysine and L-threonine over a range of concentrations were more inhibitory than either compound alone and produced an approximately additive inhibitory effect (Fig. I) . It was concluded from several determinations that 2 : 6-diaminopimelic acid and L-isoleucine were not significantly inhibitory at concentrations below 5 mM, although in one experiment only, I o mM-L-isoleucine strongly depressed activity. In one experiment, L-homoserine (0.07 to 5 mM) caused about 40% inhibition at all concentrations tested.
at concentrations between 0.035 mM and 10 mM (Fig. I) , after correcting all data for blank absorbance values possibly resulting from side-reactions of methionine in the assay mixture (Miyajima, Otsuka & Shiio, 1968) . Methionine also tended to relieve inhibition caused by L-threonine. Activity relative to controls was 9-9 yo with 5 mM-L-threonine alone, but 33.8 % when 5 mM-Lmethionine was also present.
Aspartokinase catalyses the phosphorylation of aspartate to aspartylphosphate, the first intermediate in the branched pathway for the synthesis of lysine, methionine, threonine and isoleucine (Mattoon, 1967 intermediates and end-products of this pathway has been well established as a major regulatory process in many bacteria (Datta & Gest, 1964; Tristram, 1968; Cohen, Stanier & Le Bras, 1969) . As Mattoon (1967) pointed out, such inhibition could result in interference with the synthesis of the other end-products of the pathway, thus leading to an imbalance in amino acid biosynthesis. In coliform bacteria, however, this does not occur as multiple aspartokinases are present, each subject to control by different end-products (Stadtman et al. 1961; Cohen et al. 1969) . In some other bacteria, including pseudomonads, Bacillus species, Rhodopseudomonas capsulatus and Brevibacterium jlavum, concerted inhibition by lysine + threonine occurs, with neither effector alone usually being strongly inhibitory (Paulus & Gray, 1964; Burlant, Datta & Gest, 1965; Kuramitsu, 1968; Miyajima et al. 1968; Cohen et al. 1969) .
Our experiments indicate that all the aspartokinase activity in Methylococcus capsulatus can be inhibited by L-threonine alone, thus affording an explanation of threonine toxicity to growing cultures (Eccleston & Kelly, I 972 a) . Accumulation of exogenous L-threonine into M . capsulatus could have reduced aspartokinase activity so much that the organisms were unable to synthesize sufficient lysine or methionine to allow normal protein synthesis and growth. We have not established whether more than one species of aspartokinase occurs in M . capsulatus, but it is clear that concentrations of 10 mM or above of either L-lysine or L-threonine virtually abolish activity in cell-free extracts. Failure of lysine to act also as a growth inhibitor is probably because lysine is transported into the organisms at a much lower rate than threonine (Eccleston & Kelly, 1972b) . It was, however, observed that growth rate was further decreased when lysine was added to cultures already partially inhibited by L-threonine (Eccleston & Kelly, I972 a) .
The stimulatory effect of L-methionine on aspartokinase in crude extracts suggests a regulatory function for this amino acid, and it is perhaps significant that partial relief of threonine-inhibition was produced by methionine: such an interaction in the intact organism could have regulatory importance. Relief by L-methionine of growth-inhibition by Lthreonine (Eccleston & Kelly, 1972a) could also have been a result not only of depression of threonine uptake (Eccleston & Kelly, I972b) but of some restoration of aspartokinase activity in the organism.
The sensitivity of growing organisms to threonine and the observation that 1-0 mM-Lthreonine inhibited both growth rate and aspartokinase activity by about 85 7' suggest that the activity of aspartokinase in growing organisms is a rate-limiting factor in determining maximum growth rate in batch cultures of Methylococcus capsulatus. The similar specific activities and comparable effect of L-threonine on the activity of aspartokinase in the threonine-resistant mutants and wild-type organisms suggests that threonine tolerance in the mutants did not result from mutations affecting aspartokinase, but was due to the decreased permeability of the mutants to amino acids, especially L-threonine (Eccleston & Kelly, I 972 b). This is the first reported study of aspartokinase in an obligate methylotroph, and the results provide a likely explanation of threonine toxicity in terms of biosynthetic regulatory mechanisms, such as have been obtained with some obligate chemolithotrophs and Chlorobium thiosulfatophilum (Kelly, 1971 ; Kelly, Poole & Owen, 1973) .
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